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ABSTRACT

The normalized difference in incident solar energy between a target surface and a level surface
(overheating index, OHI) is useful in eliminating estimation error of site-specific maximum
temperature in complex terrain. Due to the complexity in its calculation, however, an empirical proxy
variable called northern exposure index (NEI) which combines slope and aspect has been used to
estimate OHI based on empirical relationships between the two. An experiment with real-world
landscape and temperature data was carried out to evaluate performance of the NEI - derived OHI
(N-OHI) in reduction of spatial interpolation error for daily maximum temperature compared with
that by the original OHI. We collected daily maximum temperature data from 7 sites in a mountainous
watershed with a 149 km? area and a 795m elevation range (651~1,445m) in Pyongchang, Kangwon
province. Northern exposure index was calculated for the entire 166,050 grid cells constituting the
watershed based on a 30-m digital elevation model. Daily OHI was calculated for the same watershed
and regressed to the variation of NEI. The regression equations were used to estimate N-OHI for 15th
of each month. Deviations in daily maximum temperature at 7 sites from those measured at the
nearby synoptic station were calculated from June 2006 to February 2007 and regressed to the N-
OHI. The same procedure was repeated with the original OHI values. The ratio sum of square errors
contributable by the N-OHI were 0.46 (winter), 0.24 (fall), and 0.01 (summer), while those by the
original OHI were 0.52, 0.37 and 0.15, respectively.

Key words : BioSIM, Overheating index, Northern exposure index, Daily maximum temperature,
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Fig. 1. Location map of the study area with the sites of 7
HOBO station (circle) and 1 synoptic station (rectangle).
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Table 1. Spatial statistics of “overheating index” calculated
for 166,050 grid cells with a 30m spacing in the study area
(Doam Hydrologic Unit) on summer solstice, fall equinox,
and winter solstice, respectively. Also shown are the “exposure
index” related statistics in the same area.

o Exposure Overheating Index
Statistics
Index 22June 21 Sept. 22 Dec.
Minimum -47 -0.93 -0.70 -0.37
Maximum 49 0.08 0.23 0.32
Mean 6 -0.43 -0.29 -0.11
SD.f 18 0.38 0.33 0.20

fStandard deviation

Fig. 2. A portion of the study area showing the spatial distribution of overheating index for fall equinox (A), summer solstice
(B), and winter solstice (C). The northern exposure index (D) is also shown for comparison. Classification by standard deviation

was applied to all cases.
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Fig. 3. Relationship between the exposure index and the

overheating index calculated for 166,050 grid cells on fall

equinox (top), winter solstice (middle), and summer
solstice (bottom).
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Table 2. Spatial statistics of “overheating index” calculated for sites on summer solstice, fall equinox, and winter solstice,
respectively in the study area

Site Overheating Index Exposure Slope Aspect Elevation
22 June 21 Sep. 22 Dec. Index () 0 (m)
H1 0.08 0.18 0.19 -24 23 232 775
H2 -0.01 0.13 0.19 221 21 176 796
H3 0.07 0.17 0.18 -20 20 222 721
H4 -0.92 -0.69 -0.33 28 28 67 727
HS -0.50 -0.56 -0.32 10 10 326 805
Hé6 -0.93 -0.68 -0.32 2 2 82 839
H7 -0.92 -0.68 -0.32 7 7 i1 820
4 4
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Fig. 4. Contribution of the overheating index (OHI) to the error variance of daily maximum temperature estimation (right panel).
The conventional alternative (NEI derived OHI) shows less contribution to error variance (left panel). Data were prepared for
September 22 (top), December 22 (middle), and June 22 (bottom).
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